Skin colour may be an important cue to detect sickness in humans but how skin colour changes with acute sickness is currently unknown. To determine possible colour changes, 22 healthy Caucasian participants were injected twice, once with lipopolysaccharide (LPS, at a dose of 2 ng/kg body weight) and once with placebo (saline), in a randomised cross-over design study. Skin colour across 3 arm and 3 face locations was recorded spectrophotometrically over a period of 8 h in terms of lightness (L ⁄ ), redness (a ⁄ ) and yellowness (b ⁄ ) in a manner that is consistent with human colour perception. In addition, carotenoid status was assessed as we predicted that a decrease it skin yellowness would reflect a drop in skin carotenoids. We found an early change in skin colouration 1-3 h post LPS injection with facial skin becoming lighter and less red whilst arm skin become darker but also less red and less yellow. The LPS injection also caused a drop in plasma carotenoids from 3 h onwards. However, the timing of the carotenoid changes was not consistent with the skin colour changes suggesting that other mechanisms, such as a reduction of blood perfusion, oxygenation or composition. This is the first experimental study characterising skin colour associated with acute illness, and shows that changes occur early in the development of the sickness response. Colour changes may serve as a cue to health, prompting actions from others in terms of care-giving or disease avoidance. Specific mechanisms underlying these colour changes require further investigation.
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Introduction
A face flush with colour is attributed with good health and may serve as a cue for mate choice (Stephen et al., 2009b) . Conversely, a distinct lack of colour in the face could serve as a cue to ill-health, and promoting actions from others in terms of disease avoidance or care provision. Perceptual studies have shown that faces with slightly raised levels of red and yellow colour are judged as looking healthier (Stephen et al., 2012 (Stephen et al., , 2009b . These findings are likely to be driven by high levels of oxygenated blood (Stephen et al., 2009a) and carotenoids pigments (Whitehead et al., 2012a (Whitehead et al., , 2012b .
These colour associations may be well founded with reference to long-term or general health. Peripheral blood flow is associated positively with physical fitness and negatively with smoking as well as many chronic health conditions (Anton et al., 2006; Carmeliet, 2003) . Also, carotenoid colouration of human skin is associated with high levels of fruit and vegetable consumption (Alaluf et al., 2002; Tan et al., 2015; Whitehead et al., 2012b) . In many bird species, carotenoid colouration of ornaments (feathers, beaks or skin) are a well-established signal of health, correlating negatively with parasite load (Mougeot et al., 2009) , positively with disease resistance (Nolan et al., 1998) and positively with ability to mount a strong immune response (Aguilera and Amat, 2007; Peters et al., 2004) . These associations suggest that in evolutionary terms, sensitivity to colour cues may well have provided indirect benefits by allowing individuals to select mates with genes for good health.
There are also potential short-term and direct evolutionary gains to be made if acute illness were characterized by robust changes of colour cues. Observation of sickness in others could induce care-giving behaviour benefiting the sick individual. Alternatively, observers could benefit in terms of avoiding disease. Disease avoidance has attracted much recent attention (Schaller and Park, 2011) , but little is known of what signals and cues characterize sick peers. Skin colour changes are readily observable, and
